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(54) PICTURE PROCESSING METHOD AND APPARATUS, DEVICE, AND STORAGE MEDIUM

(57) The present application relates to the technical
field of image processing, and discloses a picture pro-
cessing method and apparatus, a device, and a storage
medium. The method comprises: generating conditional
embedding information on the basis of an original portrait
picture and description text; on the basis of the original
portrait picture, the conditional embedding information,
and a facial mask map, generating a cross attention map
corresponding to the original portrait picture; and on the
basis of the conditional embedding information and the
cross attention map, performing editing to obtain a pro-
cessed portrait picture corresponding to the original por-
trait picture. The method can be applied to various sce-
narios such as cloud technology, artificial intelligence,
intelligent transportation, and assisted driving. According
to the method, a facial feature of a person in the original
portrait picture and a person expression feature in the
description text are fused, thereby ensuring a high simi-
larity between the person in the generated processed

portrait picture and the person in the original portrait
picture and significantly improving the person fidelity in
an editing process.

Generate conditional cmbedding information based on an original
portrait picture and description text, the conditional embedding $210
information including a feature of the original portrait picture and a b
feature of the description text; the original portrait picture being a
picture containing a facial feature, and the description text being text
configured for describing a facial cxpression feature

Generate a cross-attention map corresponding to the original portrait
picture according to the original portrait picture, the conditional
embedding information, and a facial mask map, the facial mask map
being configured for distinguishing a facial region in the original
portrait picturc from other regions in the original portrait picturc than
the facial region, and the cross-attention map being configured for
generating expression content corresponding to the facial expression
feature in the facial region

$220

Obtain, based on the conditional embedding information and the
cross-attention map. a processed portrait picture corresponding to the §230
original portrait picture, the processed portrait picture retaining the
facial feature in the original portrait picture and containing the facial
cxpression feature described by the description text

FIG. 2
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Description
RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Application No. 202311524401.2, filed with the China National
Intellectual Property Administration on November 15, 2023 and entitled "PICTURE PROCESSING METHOD AND
APPARATUS, DEVICE, AND STORAGE MEDIUM", which is incorporated by reference in its entirety.

FIELD OF THE TECHNOLOGY

[0002] Embodiments of this application relate to the technical field of image processing, and in particular, to a picture
processing method and apparatus, a device, and a storage medium.

BACKGROUND OF THE DISCLOSURE

[0003] Currently, there is a requirement for editing an original portrait picture according to description text, that is, an
environment, a facial expression, and the like in the original portrait picture are edited according to content of the
description text.

[0004] Inthe related art, a generation model guided by description text is trained, and then an original portrait picture is
edited using the trained generation model under the guidance of the description text, to generate a processed portrait
picture.

[0005] When an original portrait picture is edited using the related art, only content of description text is considered
during editing, leading to a low similarity between the person in the generated processed portrait picture and the person in
the original portrait picture, thatis, person distortion. The more complex the editing, the more severe the person distortion
becomes.

SUMMARY

[0006] Embodiments of this application provide a picture processing method and apparatus, a device, and a storage
medium. Technical solutions are as follows.

[0007] According to an aspect of the embodiments of this application, a picture processing method is provided, which is
performed by a computer device, and includes:

generating conditional embedding information based on an original portrait picture and description text, the condi-
tional embedding information including a feature of the original portrait picture and a feature of the description text; the
original portrait picture being a picture containing a facial feature, and the description text being text configured for
describing a facial expression feature;

generating a cross-attention map corresponding to the original portrait picture according to the original portrait picture,
the conditional embedding information, and a facial mask map, the facial mask map being configured for distinguish-
ing a facial region in the original portrait picture from other regions in the original portrait picture than the facial region,
and the cross-attention map being configured for generating expression content corresponding to the facial expres-
sion features in the facial region; and

obtaining, based on the conditional embedding information and the cross-attention map, a processed portrait picture
corresponding to the original portrait picture, the processed portrait picture retaining the facial feature in the original
portrait picture and containing the facial expression feature described by the description text.

[0008] Accordingtoan aspectofthe embodiments of this application, a method for training a picture processing model is
provided, which is performed by a computer device, and includes:

acquiring atleast one training sample, each training sample including a sample portrait picture and sample description
text that correspond to each other; the sample portrait picture being a picture containing a facial feature, and the
sample description text being text configured for describing a facial expression feature in the sample portrait picture;

generating sample conditional embedding information through the picture processing model based on the sample
portrait picture and the sample description text, the sample conditional embedding information including a feature of
the sample portrait picture and a feature of the sample description text;
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generating a cross-attention map corresponding to the sample portrait picture through the picture processing model
according to the sample portrait picture, the sample conditional embedding information, and a sample facial mask
map, the sample facial mask map being configured for distinguishing a facial region in the sample portrait picture from
other regions in the sample portrait picture than the facial region, and the cross-attention map being configured for
generating expression content corresponding to the facial expression feature in the facial region;

obtaining, through the picture processing model based on the sample conditional embedding information and the
cross-attention map, a processed sample portrait picture corresponding to the sample portrait picture; and

adjusting a parameter of the picture processing model based on the sample portrait picture and the processed sample
portrait picture to obtain a trained picture processing model.

[0009] Accordingto anaspect of the embodiments of this application, a picture processing apparatus is provided, which
is deployed on a computer device, and includes:

an embedding module, configured to generate conditional embedding information based on an original portrait picture
and description text, the conditional embedding information including a feature of the original portrait picture and a
feature of the description text; the original portrait picture being a picture containing a facial feature, and the description
text being text configured for describing a facial expression feature;

an attention module, configured to generate a cross-attention map corresponding to the original portrait picture
according to the original portrait picture, the conditional embedding information, and a facial mask map, the facial
mask map being configured for distinguishing a facial region in the original portrait picture from other regions in the
original portrait picture than the facial region, and the cross-attention map being configured for generating expression
content corresponding to the facial expression feature in the facial region; and

an editing module, configured to obtain, based on the conditional embedding information and the cross-attention map,
a processed portrait picture corresponding to the original portrait picture, the processed portrait picture retaining the
facial feature in the original portrait picture and containing the facial expression feature described by the description
text.

[0010] According to an aspect of the embodiments of this application, an apparatus for training a picture processing
model is provided, which is deployed on a computer device, and includes:

a sample acquisition module, configured to acquire at least one training sample, each training sample including a
sample portrait picture and sample description text that correspond to each other; the sample portrait picture being a
picture containing a facial feature, and the sample description text being text configured for describing a facial
expression feature in the sample portrait picture;

a sample embedding module, configured to generate sample conditional embedding information through the picture
processing model based on the sample portrait picture and the sample description text, the sample conditional
embedding information including a feature of the sample portrait picture and a feature of the sample description text;

a sample attention module, configured to generate a cross-attention map corresponding to the sample portrait picture
through the picture processing model according to the sample portrait picture, the sample conditional embedding
information, and a sample facial mask map, the sample facial mask map being configured for distinguishing a facial
region inthe sample portrait picture from other regions in the sample portrait picture than than the facial region, and the
cross-attention map being configured for generating expression content corresponding to the facial expression
feature in the facial region;

a sample editing module, configured to obtain, through the picture processing model based on the sample conditional
embedding information and the cross-attention map, a processed sample portrait picture corresponding to the sample
portrait picture; and

amodel parameter adjustment module, configured to adjust a parameter of the picture processing model based on the
sample portrait picture and the processed sample portrait picture to obtain a trained picture processing model.

[0011] According to an aspect of the embodiments of this application, a computer device is provided, including a
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processor and a memory, the memory having a computer program stored therein, and the computer program being loaded
and executed by the processor to implement the foregoing picture processing method or the foregoing method for training
a picture processing model.

[0012] Accordingtoan aspectofthe embodiments of this application, a computer-readable storage medium is provided,
having a computer program stored therein, the computer program being loaded and executed by a processor toimplement
the foregoing picture processing method or the foregoing method for training a picture processing model.

[0013] Accordingtoanaspectofthe embodiments of this application, acomputer program productis provided, including
a computer program. The computer program is stored in a computer-readable storage medium. A processor of a computer
device reads the computer program from the computer-readable storage medium and executes the computer instructions
to cause the computer device to perform the foregoing picture processing method or the foregoing method for training a
picture processing model.

[0014] The technical solutions provided in the embodiments of this application include at least the following beneficial
effects.

[0015] The conditional embedding information is generated based on the original portrait picture and the description
text. The original portrait picture is a picture including the facial feature, and the description text is text configured for
describing the facial expression feature, so that the facial feature in the original portrait picture and the facial expression
feature of the description text are fused in the conditional embedding information. Then, the cross-attention map
corresponding to the original portrait picture is generated according to the conditional embedding information, the original
portrait picture, and the facial mask map. The facial mask map is configured for distinguishing the facial region in the
original portrait picture from other regions in the original portrait picture than the facial region, and the cross-attention map
is configured for generating the expression content corresponding to the facial expression feature in the facial region. In
this way, the processed portrait picture may be obtained through editing according to the conditional embedding
information and the cross-attention map. Since the facial feature in the original portrait picture and the facial expression
feature of the description text are fused in the conditional embedding information, when the cross-attention map instructs
to generate the expression content corresponding to the facial expression feature in the facial region, the facial feature in
the original portrait picture and the facial expression feature of the description text may be fused to edit the facial
expression, thereby ensuring a high similarity between a person in the generated processed portrait picture and a person
in the original portrait picture, and significantly improving the person fidelity in an editing process.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG. 1 is a schematic diagram of a solution implementation environment according to an embodiment of this
application.

FIG. 2 is a flowchart of a picture processing method according to an embodiment of this application.

FIG. 3 is a schematic diagram of a generation process of a cross-attention map according to an embodiment of this
application.

FIG. 4 is a schematic diagram of cross-attention maps according to an embodiment of this application.

FIG. 5 is a flowchart of a method for training a picture processing model according to an embodiment of this
application.

FIG. 6is aflowchart of atraining process of a picture processing model according to an embodiment of this application.

FIG. 7 is a comparison diagram of generated processed portrait pictures according to an embodiment of this
application.

FIG. 8 is a comparison diagram of emotion editing according to an embodiment of this application.

FIG. 9is a line chart showing the influence of a time step on identity preservation according to an embodiment of this
application.

FIG. 10 is a bar chart showing the influence of a truncation hyperparameter on identity preservation and editing
capability according to an embodiment of this application.
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FIG. 11 is a schematic diagram of test results of a picture processing model according to an embodiment of this
application.

FIG. 12 is a block diagram of a picture processing apparatus according to an embodiment of this application.

FIG. 13 is a block diagram of an apparatus for training a picture processing model according to an embodiment of this
application.

FIG. 14 is a structural block diagram of a computer device according to an embodiment of this application.
DESCRIPTION OF EMBODIMENTS

[0017] To make the objectives, technical solutions, and advantages of this application clearer, implementations of this
application will be described in further detail below with reference to the accompanying drawings.

[0018] Inthe embodiments of this application, pictures may be automatically processed through an artificial intelligence
(Al technology. With the research and progress of the Al technology, the Al technology has been researched and applied
toa plurality of fields, such as common smart home, smart wearable devices, virtual assistants, smart speakers, intelligent
marketing, unmanned driving, autonomous driving, unmanned aerial vehicles, digital twins, virtual humans, robots,
artificial intelligence generated content (AIGC), conversational interaction, intelligent medical, intelligent customer
service, and game Al. With the development of the technology, the Al technology will be applied to more fields, and
plays an increasingly important role.

[0019] Solutions provided in the embodiments of this application relate to technologies such as computer vision and
machine learning of Al, and are specifically described through the following embodiments.

[0020] FIG. 1 is a schematic diagram of a solution implementation environment according to an embodiment of this
application. The solution implementation environment may include a model training device 10 and a model use device 20.
[0021] The model training device 10 is an electronic device having data calculation, processing, and storage functions.
The model training device 10 may be a terminal device or a server. The model training device 10 may include, but is not
limited to, an electronic device such as a mobile phone, a computer, an intelligent voice interaction device, an intelligent
appliance, an in-vehicle terminal, an aircraft, a game console, a wearable device, a multimedia playback device, an
augmented reality (AR) device, or a virtual reality (VR) device. The model training device 10 is configured to train a picture
processing model.

[0022] Inthe embodiments of this application, the picture processing model is a diffusion model. In some embodiments,
the model training device 10 may train the picture processing model through machine learning so that the picture
processing model has good performance. In some embodiments, a training process of the picture processing model is as
follows (which is only briefly described herein, and a specific training process may refer to the following embodiments):
acquiring a training sample for training, the training sample including a sample portrait picture 11 and sample description
text 12; compressing the sample portrait picture 11 into a sample latent space picture through a compression model;
extracting a facial feature in the sample portrait picture 11 through a facial recognition model; encoding, through a text
model, the sample description text 12 to obtain text embedding information; concatenating the facial feature with
embedding information corresponding to a first token to obtain updated embedding information; processing the updated
embedding information through a multi-layer perceptron (MLP) to obtain final embedding information corresponding to the
first token; replacing the final embedding information corresponding to the first token with the text embedding information
to obtain conditional embedding information; generating a processed portrait picture 13 through a first neural network
according to the sample latent space picture and the conditional embedding information; calculating a total loss according
to the sample portrait picture 11 and the processed sample portrait picture 13; and adjusting a parameter of the picture
processing model according to the total loss to obtain a trained picture processing model.

[0023] The modeluse device 20 is an electronic device having data calculation, processing, and storage functions. The
model use device 20 may be a terminal device or a server. The model use device 20 may include, but is not limited to, an
electronic device such as a mobile phone, acomputer, an intelligent voice interaction device, anintelligent appliance, anin-
vehicle terminal, an aircraft, agame console, a wearable device, a multimedia playback device, an AR device, a VR device,
a cloud technology platform, an intelligent robot, an intelligent transportation terminal system, or a driving central control
system. The model use device 20 generates a processed portrait picture using the trained picture processing model
according to the original portrait picture and the description text.

[0024] The model training device 10 and the model use device 20 may be two independent devices, or may be the same
device.

[0025] For example, the foregoing server may be an independent physical server, may be a server cluster or a
distributed system including a plurality of physical servers, or may be a cloud server that provides basic cloud computing
services such as a cloud service, a cloud database, cloud computing, a cloud function, cloud storage, a network service,
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cloud communication, a middleware service, adomain name service, a security service, a contentdelivery network (CDN),
and a big data and Al platform, but is not limited thereto.

[0026] FIG.2isaflowchartof a picture processing method according to an embodiment of this application. An execution
subject of operations of this method may be a computer device. For example, the computer device may be the model use
device 20 in the solution implementation environment shown in FIG. 1. It is noted that the embodiments described with
reference to the drawings in this application are merely exemplary, and itis not limited in this application that the respective
method mustinclude all the steps as described and illustrated; rather, the method in the application may include some or all
of the steps as listed, and the steps may be combined with each other arbitrarily to form various embodiments of the
application. The method may include at least one of the following operations (210-230).

[0027] Operation210: Generate conditional embedding information based on an original portrait picture and description
text, the conditional embedding information including a feature of the original portrait picture and a feature of the
description text; the original portrait picture being a picture containing a facial feature, and the description text being
text configured for describing a facial expression feature.

[0028] The original portrait picture includes at least one person/human, and features of the person may be presented
completely or partial in the original portrait picture. In the application, the facial feature represents the inherent, motion-
invariant anatomical characteristics used to characterize an individual's identity, such as the geometric proportions,
skeletal structure, and spatial distribution of facial organs, while facial expression feature represents the time-sensitive,
non-rigid deformations driven by facial muscle movements used to characterize an individual’s emotional state, such as
local muscle displacements caused by smiling or anger. The original portrait picture is a picture including a plurality of
pixels, and each pixel contains a part of information of the picture. The original portrait picture may adopt multiple formats
and representations, including but not limited to, a joint photographic experts group (JPEG), portable network graphics
(PNG), bitmap (BMP), a tagged image file format, a raw image format (RAW), and scalable vector graphics (SVG). Each
pixel uses values to represent attributes such as brightness, a color, and a position on a picture. For example, in a color
picture, colors are represented using three channels-red, green, and blue (RGB). The colors in the picture may be
precisely specified and adjusted by controlling strength values of the three channels. In a black-white or grayscale picture,
a single channel is adopted to represent the brightness or grayscale level. The resolution of a picture refers to the number
of pixels of the picture in each direction. The higher the resolution, the clearer the picture.

[0029] The description text is text configured for guiding the generation of corresponding picture content containing the
facial expression feature on the original portrait picture. In some embodiments, the description text is text configured for
describing an environment feature and the facial expression feature. In this way, the description text is text configured for
guiding the generation of corresponding picture content containing the environment feature and the facial expression
feature on the original portrait picture. The environment feature originates from words with descriptions such as
environmental description, and the facial expression feature originates from words with descriptions such as expression
description and emotional description. For example, a text "a sad woman is under a tree" is description text. In the
description text, "sad" is a word with emotional description, and "under atree" is a word with environmental description. For
example, in atext "there is awoman with a happy smile on the lawn", "on the lawn" is a word with environmental description,
"happy" is a word with emotional description, and "smile" is a word with expression description.

[0030] The conditional embedding information is an embedding vector containing the feature of the original portrait
picture and the feature of the description text, which represents a constraint on a picture generated by a picture processing
model. The feature of the original portrait picture is extracted from the original portrait picture, is configured for representing
quantitative representation of content of the original portrait picture, and may be represented through a feature map, a
color histogram, a graphic data structure, a convolutional feature map, and the like. The feature of the description text is
extracted from the description text, configured for representing quantitative representation of content of the description
text, and may be represented using one of the following structured data: a sparse matrix, a sparse vector, a dense vector,
and the like. The feature of the original portrait picture and the feature of the description text may use the same feature
representation manner, or may use different feature representation manners. A specific feature representation manner
used is determined by a person skilled in the art. This is not limited in this application.

[0031] In some embodiments, the facial feature contained in the original portrait picture is extracted through the facial
recognition model. The description text is encoded through the text model to obtain the text embedding information. The
conditional embedding information is generated based on the facial feature and the text embedding information.
[0032] The facial recognition model is a neural network model that may extract facial features from an original portrait
picture. The neural network model may be a Tface model, or may be another neural network model configured to extract
facial features. This is not limited in this application.

[0033] The text model is a deep learning model configured to convert text data into an embedding vector having a
numerical representation. In this application, the embedding vector is alternatively referred to as text embedding
information. The deep learning model may be a contrastive language-image pretraining (CLIP) text model, a recurrent
neural network (RNN), or another text model. This is not limited in this application.

[0034] The text embedding information is an embedding vector that is converted from description text and has a
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numerical representation, and contains information such as description text features, word embedding, and sentence
embedding.

[0035] Inthe foregoing manner, the facial feature and the text embedding information are integrated into the conditional
embedding information. When personalized content is generated according to the embedding information of the first
token, the influence on the facial feature in the original portrait picture is reduced, thereby facilitating subsequent work of
retaining the facial feature.

[0036] In some embodiments, the description text includes at least one token, and the text embedding information
includes embedding information respectively corresponding to the at least one token. In some embodiments, the
conditional embedding information may be generated based on the facial feature and the text embedding information
in the following manner: concatenating embedding information corresponding to a first token in the at least one token with
the facial feature to obtain updated embedding information corresponding to the first token, the first token referring to a
preset token configured for representing a person; processing the updated embedding information corresponding to the
first token using an MLP to obtain final embedding information corresponding to the first token, the final embedding
information corresponding to the first token and the embedding information corresponding to the first token having a same
dimension; and replacing the embedding information corresponding to the first token in the text embedding information
with the final embedding information corresponding to the first token to generate the conditional embedding information.
[0037] A token is a text segment representing a piece of semantic information, and may be a character, a word, or a
phrase or a sentence including a plurality of words.

[0038] In some embodiments, one token corresponds to one piece of embedding information. For example, one
description text has five tokens, corresponding conditional embedding information includes five pieces of embedding
information, and the embedding information and the tokens are in a one-to-one correspondence.

[0039] In the embodiments of this application, the dimension may refer to the number of attributes of the embedding
information. For example, the first token may describe its embedding information from 40 attributes, and a dimension of the
embedding information corresponding to the first token is 40. The final embedding information corresponding to the first
token and the embedding information corresponding to the first token have the same dimension. That is, the number of
attributes of the final embedding information corresponding to the first token is the same as the number of attributes of the
embedding information corresponding to the first token. The attributes of the embedding information may refer to various
features or information of the token, such as semantic information, grammatical information, contextual information, and
emotional information.

[0040] Insome embodiments, the dimension of the embedding information corresponding to the first token may or may
not be equal to the dimension of the facial feature. In some embodiments, when the dimension of the embedding
information corresponding to the first token is equal to the dimension of the facial feature, the embedding information
corresponding to the first token is directly concatenated with the facial feature.

[0041] Insome embodiments, when the dimension of the embedding information corresponding to the first token is not
equal to the dimension of the facial feature, the dimension of the embedding information corresponding to the first token is
converted to be equal to the dimension of the facial feature through dimensionality reduction, and then concatenation is
performed.

[0042] Thefirsttokenisapresetword configured forrepresenting a person. Insome embodiments, the firsttoken may be
apersonal pronoun thatrefers to a person, or may be aword thatindicates the gender of the person. In some embodiments,
the first token includes "man" and "woman". In some embodiments, the first token includes "she", "he", and "person". The
firsttoken used in this application is merely for describing this embodiment, and a person skilled in the art may set other first
tokens according to an application scene. This is not limited in this application.

[0043] The MLP is an artificial neural network (ANN) architecture and is configured for machine learning tasks.
[0044] Forexample,itis assumed thatthe description textis "a sad woman is under a tree", the text model is a CLIP text
model, and the facial recognition modelis a Tface model. The description textis processed by the CLIP text model to obtain
text embedding information. The text embedding information is a 77 X 768 matrix and includes embedding information
corresponding to tokens in the description text. The matrix refers to 77 tokens and 768 features corresponding to the 77
tokens. The number of tokens in the description text may be less than 77. In this case, the CLIP text model may
automatically fillin a meaningless value. The meaningless value is a preset word that does not participate in training. Afirst
token corresponding to the description textis "woman", and embedding information corresponding to "woman"isa 1 X 768
vector. The facial feature extracted by the facial recognition model from the original portrait picture isa 1 X 25,088 vector.
The embedding information corresponding to the first token is concatenated with the facial feature to obtain updated
embedding information with a size of 1 X 25,856. The updated embedding information is processed by the MLP to obtain
final embedding information corresponding to the first token. That s, the final embedding information corresponding to the
firsttoken is a 1 X 768 vector. The first neural network requires matrix operations during editing. Therefore, only when the
final embedding information corresponding to the first token has the same dimension as the original corresponding
embedding information, the conditional embedding information is a matrix including a plurality of vectors having the same
dimensions.
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[0045] In the foregoing manner, the facial feature is embedded into the text embedding information, and during the
subsequent personalized editing of the original portrait picture according to the description text, the facial feature can be
better retained.

[0046] In some embodiments, a facial region in the original portrait picture is cropped to obtain a facial picture
corresponding to the original portrait picture. Facial features are extracted from the facial picture through the facial
recognition model.

[0047] In some embodiments, the facial region in the original portrait picture may be manually cropped, or the facial
region in the original portrait picture may be cropped using a neural network model. This is not limited in this application.
[0048] In some embodiments, the cropped facial picture may be a regular graphic or an irregular graphic. This is not
limited in this application. For example, the cropped facial picture is a smallest rectangular box containing a complete facial
region.

[0049] Intheforegoing manner, the features extracted by the facial recognition model are only related to the humanface,
helping well retain the facial features during the subsequent complex personalized editing.

[0050] Operation 220: Generate a cross-attention map corresponding to the original portrait picture according to the
original portrait picture, the conditional embedding information, and a facial mask map, the facial mask map being
configured for distinguishing a facial region in the original portrait picture from other regions in the original portrait picture
than the facial region, and the cross-attention map being configured for generating expression content corresponding to
the facial expression feature in the facial region.

[0051] The cross-attention map is configured for describing response degrees, at different positions of a picture,
between embedding information corresponding to different tokens. The expression content may refer to a facial
expression in the facial region.

[0052] In a possible implementation, a manner for generating the cross-attention map corresponding to the original
portrait picture according to the original portrait picture, the conditional embedding information, and the facial mask map
may be as follows: compressing the original portrait picture to obtain a latent space picture, the latent space picture being a
picture having a dimension lower than a dimension of the original portrait picture and retaining the facial feature. Then, the
cross-attention map corresponding to the original portrait picture is generated according to the latent space picture, the
conditional embedding information, and the facial mask map.

[0053] The latent space picture is a particular vector space obtained by mapping the original portrait picture. Vectors in
the latent space picture are continuous, and follow the probability distribution. For example, the vectors in the latent space
picture follow a multi-dimensional normal distribution.

[0054] Inthe embodiments of this application, a dimension may refer to the number of features in a data representation
orinadata space. Specifically, the original portrait picture may be represented through a large number of features, such as
texture, shape, and color distribution. Therefore, the original portrait picture may be regarded as a high-dimensional vector
space, that is, the number of features representing the original portrait picture is very large. The latent space picture is
obtained through mapping to a latent space, so that a high-dimensional data space is converted into a low-dimensional
data space, that is, the latent space picture uses fewer features for representation. The latent space picture is a picture
having a dimension lower than a dimension of the original portrait picture, and the dimension herein refers to the number of
features for representing a picture, that is, the number of features of the latent space picture is less than the number of
features of the original portrait picture, thereby removing redundant information and reducing noise interference. Thus, the
picture is more compact and easier to process in the latent space, thereby facilitating subsequent processing.

[0055] In some embodiments, the original portrait picture is compressed through a compression model to obtain the
latent space picture. The compression model is a generative deep learning model, and is configured to learn and generate
a latent space picture of an original portrait picture. The compression model may be a variational autoencoder (VAE).
[0056] Inthe foregoing manner, the original portrait picture is compressed into the latent space picture, helping reduce
storage and calculation overheads in the process of processing the original portrait picture, and retaining the facial features
in the original portrait picture.

[0057] A manner for generating the cross-attention map corresponding to the original portrait picture according to the
original portrait picture, the conditional embedding information, and the facial mask map may be as follows: performing a
cross-attention operation (or, computation) based on the original portrait picture and the conditional embedding informa-
tion to obtain an initial cross-attention map corresponding to the original portrait picture. The initial cross-attention map
refers to a cross-attention map in which other regions than the facial region are not masked. In this application, the cross-
attention map refers to a cross-attention map in which the other regions than the facial region are masked. Therefore, other
regions than the facial region in the initial cross-attention map may continue to be masked based on the facial mask map to
obtain the cross-attention map corresponding to the original portrait picture.

[0058] A manner forobtaining the initial cross-attention map corresponding to the original portrait picture is not limited in
the embodiments of this application. In a possible implementation, a cross-attention operation may be directly performed
on the original portrait picture and the conditional embedding information to obtain the initial cross-attention map. In
another possible implementation, to reduce storage and calculation overheads in the process of processing the original
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portrait picture, the original portrait picture may be first compressed to obtain the latent space picture, and then a cross-
attention operation is performed on the latent space picture and the conditional embedding information to obtain the initial
cross-attention map. That is, when the cross-attention map corresponding to the original portrait picture is generated
according to the latent space picture, the conditional embedding information, and the facial mask map, a cross-attention
operation may be first performed on the latent space picture and the conditional embedding information to obtain the initial
cross-attention map, and then the other regions than the facial region in the initial cross-attention map are masked based
on the facial mask map to obtain the cross-attention map corresponding to the original portrait picture.

[0059] In some embodiments, a cross-attention operation is performed on the latent space picture and the conditional
embedding information to obtain the initial cross-attention map. In some embodiment, the cross-attention operation is
performed by using a softmax function. A formula for the cross-attention operation is:

M = Softmax (%),

where M represents the initial cross-attention map, Q represents the latent space picture, K is conditional embedding
information, KT is transposition of K, and d is the dimension of the latent space picture.

[0060] For example, FIG. 3 is a schematic diagram of a generation process of a cross-attention map according to an
embodiment of this application. A latent space picture is used as Q in a cross-attention mechanism, conditional embedding
information is used as K in the cross-attention mechanism, and an initial cross-attention map M is calculated according to
the foregoing cross-attention operation formula. Then, the initial cross-attention map M is multiplied by a facial mask map F
to finally obtain a cross-attention map A.

[0061] Theinitial cross-attention map refers to a cross-attention map in which the other regions than the facial region are
not masked. In this application, the cross-attention map refers to a cross-attention map in which the other regions than the
facial region are masked.

[0062] In some embodiments, one cross-attention map corresponds to embedding information corresponding to one
token, the embedding information corresponding to one token may correspond to at least one cross-attention map, and the
number of cross-attention maps, to which the embedding information corresponding to one token may correspond, is
determined by afirst neural network. For example, assuming that the first neural network has m cross-attention layers, and
the conditional embedding information corresponds to ntokens, there are m X n cross-attention maps in total, where mand
n are both positive integers.

[0063] In some embodiments, the first neural network includes a cross-attention layer. Therefore, a manner for
generating the cross-attention map corresponding to the original portrait picture according to the latent space picture,
the conditional embedding information, and the facial mask map may be as follows: generating the initial cross-attention
map corresponding to the original portrait picture through the first neural network according to the latent space picture and
the conditional embedding information, that is, performing a cross-attention operation on the latent space picture and the
conditional embedding information using the cross-attention layer in the first neural network to obtain the initial cross-
attention map; and masking other regions than the facial region in the initial cross-attention map based on the facial mask
map to obtain the cross-attention map corresponding to the original portrait picture.

[0064] For example, FIG. 4 is a schematic diagram of cross-attention maps according to an embodiment of this
application. The text description is "one bear", and corresponding tokens are "one" and "bear". The token "one"
corresponds to a cross-attention map (shown by reference numeral 41 in FIG. 4), and the token "bear" corresponds
to a cross-attention map (shown by reference numeral 42 in FIG. 4).

[0065] The facial mask map is a mask map in which a facial region is a response region, and the other regions than the
facial region are masked regions. The mask map is a picture or a matrix having the same size as that of the original portrait
picture. Each pixel or element in the mask map is configured for marking a particular region in the original portrait picture,
that is, the facial region and the other regions than the facial region in the original portrait picture. There are multiple
representation manners of a pixel value in the mask map, including but not limited to the following manners: binarization,
multi-class, probability, and floating-point numbers. For example, the facial mask map is represented by binarization, 1
represents the facial region, and 0 represents other regions except the facial region.

[0066] In the foregoing manner, during expression editing of personalized editing, the original portrait picture is edited
only in response to the facial region, so that responses of different tokens in the facial region to the expression editing are
more accurate.

[0067] Operation 230: Obtain, based on the conditional embedding information and the cross-attention map, a
processed portrait picture corresponding to the original portrait picture, the processed portrait picture retaining the facial
feature in the original portrait picture and containing the facial expression feature described by the description text.
[0068] Insomeembodiments, when the description textis text configured for describing the environment feature and the
facial expression feature, the processed portrait picture retains the facial feature in the original portrait picture and contains
the environment feature and the facial expression feature that are described by the description text.



10

15

20

25

30

35

40

45

50

55

EP 4 773 082 A1

[0069] When the implementation of operation 220 differs, operation 230 may also have a different implementation. Ifin
operation 220, the cross-attention map is directly obtained in the space of the original portrait picture, an implementation of
operation 230 may be as follows: editing the original portrait picture based on the conditional embedding information and
the cross-attention map to obtain the processed portrait picture corresponding to the original portrait picture.

[0070] Ifin operation 220, the cross-attention map is obtained in the latent space, that is, when operation 220 involves
generating the cross-attention map corresponding to the original portrait picture according to the latent space picture, the
conditional embedding information, and the facial mask map, an implementation of operation 230 may be as follows:
editing the latent space picture based on the conditional embedding information and the cross-attention map to generate
the processed portrait picture. The latent space picture is edited. The latent space picture has a dimension lower than that
of the original portrait picture, helping reduce storage and calculation overheads in the editing process, and retaining the
facial features in the original portrait picture.

[0071] In some embodiments, a manner for editing the latent space picture based on the conditional embedding
information and the cross-attention map to generate the processed portrait picture may be as follows: adding a noise to the
latent space picture for T times through the first neural network to obtain a noise picture, T being a positive integer;
performing noise prediction and denoising operation on the noise picture for T times through the first neural network
according to the conditional embedding information and the cross-attention map to obtain a denoised picture; and
restoring the denoised picture to the dimension corresponding to the original portrait picture to generate the processed
portrait picture.

[0072] The first neural network refers to a fully convolutional neural network configured to perform semantic segmenta-
tion tasks. The first neural network may be U-Net, or may be another fully convolutional neural network configured to
perform semantic segmentation tasks. This is not limited in this application.

[0073] Insomeembodiments, during each noise addition, first, a noise strength is randomly acquired, and then noise of
the noise strength is randomly added to the latent space picture through the first neural network. The noise strength is a
value configured for describing a noise level or strength, and indicates a degree of perturbation of the noise to the original
portrait picture. Higher noise strength indicates a larger impact of the noise on the original portrait picture. There are many
manners for measuring the noise strength, which may include, but is not limited to, the following manners: a root mean
squared error, a signal-to-noise ratio, a standard deviation, and a peak signal-to-noise ratio (PSNR). This is not limited in
this application. In some embodiments, the denoised picture is restored to the dimension corresponding to the original
portrait picture through the compression model to generate the processed portrait picture.

[0074] A manner for performing noise prediction and denoising operation on the noise picture for T times is not limited in
the embodiments of this application, as long as the number of noise predictions is the same as the number of denoising
operations. In some embodiments, performing noise prediction and denoising operation on the noise picture for T times
may refer to performing one noise prediction to obtain a corresponding predicted noise, and then performing one denoising
operation using the predicted noise. This process is repeated until a Tth noise prediction is completed to obtain a
corresponding predicted noise, and then a Tth denoising operation is performed using the predicted noise obtained by the
Tth noise prediction, to obtain a final denoised picture.

[0075] Insome otherembodiments, performing noise prediction and denoising operation on the noise picture for T times
may refer to performing noise predictions a plurality of times (for example, twice, 3 times, ..., and T times) to obtain
corresponding predicted noises, and then performing denoising operations for the same number of times as the noise
predictions using the obtained predicted noises. This process is repeated until T noise predictions and T denoising
operations are completed, to obtain a final denoised picture.

[0076] Based on this, in some embodiments, a manner for performing noise prediction and denoising operation on the
noise picture for T times through the first neural network to obtain the denoised picture may be as follows: predicting a noise
added to the latent space picture through the first neural network for an nth time according to the conditional embedding
information and the cross-attention map to obtain an nth predicted noise, an initial value of n being 1, and n being a positive
integer less than or equal to T; removing the nt" predicted noise from a noisy picture to obtain an updated noisy picture, an
initialized noisy picture being the noise picture; determining, in response to that n is less than T, a value of n plus 1 as
updated n, and repeating execution of the method from the operation of predicting the noise added to the latent space
picture through the first neural network for the nth time according to the conditional embedding information and the cross-
attention map to obtain nth predicted noise; and determining, in response to that n is equal to T, the updated noisy picture as
the denoised picture.

[0077] Forexample,itis assumed that x,is the original portrait picture, zis the latent space picture, z;is the noisy picture,
Tis atotal number of steps for adding noise, Cis the conditional embedding information, and for a time step ¢, the denoised
picture may be obtained according to the following formula:
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where g, is ¢4(z,, t, C), representing a predicted noise predicted according to the noisy picture, a currenttime step ¢, and the
conditional embedding information. J is a hyperparameter for controlling an inversion time. Et represents an accumulated
coefficient.

[0078] The sizes of the noisy picture, the noise picture, and the denoised picture are equal to that of the latent space
picture.

[0079] In the foregoing manner, personalized content is generated on the original portrait picture.

[0080] In some embodiments, the picture processing method may be completed by a picture processing model. The
picture processing model is a diffusion model configured to generate a processed portrait picture according to a sample
portrait picture and sample description text, and includes a first neural network, a text model, a facial recognition model, an
MLP, and a compression model. For example, an original portrait picture is compressed into a latent space picture through
the compression model. Facial features in the original portrait picture are extracted using the facial recognition model. The
text model encodes description text to obtain text embedding information. The facial feature and embedding information
corresponding to a first token are concatenated to obtain updated embedding information. The updated embedding
information is processed through the MLP to obtain final embedding information corresponding to the first token. The final
embedding information corresponding to the first token is replaced with the text embedding information to obtain
conditional embedding information. A corresponding processed portrait picture is generated through the first neural
network according to the latent space picture and the conditional embedding information.

[0081] Insummary,inthe technical solutions provided in the embodiments of this application, the conditional embedding
information is generated based on the original portrait picture and the description text. The original portrait picture is a
picture including the facial feature, and the description textis text configured for describing the facial expression feature, so
that the facial feature in the original portrait picture and the facial expression feature of the description text are fused in the
conditional embedding information. Then, the cross-attention map corresponding to the original portrait picture is
generated according to the conditional embedding information, the original portrait picture, and the facial mask map.
The facial mask map is configured for distinguishing the facial region from other regions in the original portrait picture than
the facial region, and the cross-attention map is configured for generating the expression content corresponding to the
facial expression feature in the facial region. In this way, the processed portrait picture may be obtained through editing
according to the conditional embedding information and the cross-attention map. Since the facial feature in the original
portrait picture and the facial expression feature of the description text are fused in the conditional embedding information,
when the cross-attention map instructs to generate the expression content corresponding to the facial expression features
in the facial region, the facial feature in the original portrait picture and the facial expression feature of the description text
may be fused to edit the facial expression, thereby ensuring a high similarity between a person in the generated processed
portrait picture and a person in the original portrait picture, and significantly improving the person fidelity in an editing
process.

[0082] A use procedure of the picture processing model is described above, and a training process of the picture
processing model is described below. The use procedure of the picture processing model and method operations of the
training procedure correspond to each other. Details not presented in the embodiments corresponding to the training
procedure may refer to parts corresponding to the embodiments of the use procedure.

[0083] FIG. 5 is a flowchart of a method for training a picture processing model according to an embodiment of this
application. An execution subject of operations of this method may be a computer device. For example, the computer
device may be the model training device 10 in the solution implementation environment shown in FIG. 1. The method may
include at least one of the following operations (510-550).

[0084] Operation 510: Acquire atleast one training sample, each training sample including a sample portrait picture and
sample description text that correspond to each other; the sample portrait picture being a picture containing a facial
feature, and the sample description text being text configured for describing a facial expression feature in the sample
portrait picture.

[0085] The "sample portrait picture" and the "sample description text" respectively correspond to the "original portrait
picture" and the "description text" in operation 210 to operation 240. The "sample description text" is configured for
describing content in the "sample portrait picture”, but content described by the "description text" may not be completely
related to the contentin the "original portrait picture”. Forexample, contentin the "sample portrait picture" is thatawomanis
laughing, and the corresponding "sample description text" is "a woman is laughing". In this case, the contentin the "sample
description text" is consistent with the content in the "sample portrait picture", that is, the "sample description text"
describes the content in the "sample portrait picture". For example, content in the "original portrait picture" is that a woman
is laughing, but the "description text" is "a woman is crying". In this case, the content described by the "description text" is
not completely related to the contentin the "original portrait picture”. In addition, the use of the "sample portrait picture" and
the "sample description text" in this embodiment is the same as the use of the "original portrait picture" and the "description
text" in the embodiments corresponding to operation 210 to operation 240. Except that a loss is calculated during the
training process to adjust the parameters of the picture processing model, the processing procedures during the use and
training processes of the picture processing model are consistent. Therefore, hereinafter, the "sample latent space
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picture" corresponds to the foregoing "latent space picture". These two words have the same function in the picture
processing model except for their names, and the different names are merely used for distinguishing whether they are in
the use process or the training process. The same applies to other similar words, which are not listed individually herein.
[0086] The picture processing model is a diffusion model configured to generate a processed portrait picture according
to a sample portrait picture and sample description text, and includes a first neural network, a text model, a facial
recognition model, an MLP, and a compression model. The diffusion model is a deep generative model that generates
high-quality pictures through noise addition and a gradually increasing diffusion process.

[0087] Insomeembodiments, the training sample may be from an open-source data set, or may be a manually collected
and annotated data set.

[0088] In some embodiments, when the training sample is a manually collected and annotated data set, the sample
portrait picture of the training sample may be from an open-source data set, or may be a data set acquired through manual
acquisition on a network or manual shooting and collection. Content of the acquired sample portrait picture may be
manually described to generate sample description text corresponding to the sample portrait picture. Alternatively, picture
content extraction may be performed on the acquired sample portrait picture through a picture-to-text model to generate
sample description text corresponding to the sample portrait picture. The picture-to-text model is a deep learning model
configured to generate descriptive text according to the content of sample portrait picture.

[0089] Inthe foregoing manner, training samples of high quality are acquired, facilitating obtaining a picture processing
model with higher generalization capability, robustness, and performance.

[0090] Operation 520: Generate sample conditional embedding information through the picture processing model
based on the sample portrait picture and the sample description text, the sample conditional embedding information
including a feature of the sample portrait picture and a feature of the sample description text.

[0091] Insome embodiments, the facial feature in the sample portrait picture is extracted through the facial recognition
model. The sample description text is encoded through the text model included in the picture processing model to obtain
sample text embedding information. Sample conditional embedding information is generated based on the facial feature
and the sample text embedding information.

[0092] Insome embodiments, the sample description text includes at least one token, and the sample text embedding
information includes embedding information respectively corresponding to the at least one token. Embedding information
corresponding to afirst token in the at least one token is concatenated with the facial feature to obtain updated embedding
information corresponding to the first token, the first token referring to a preset token configured for representing a person.
The updated embedding information corresponding to the first token is processed using the MLP to obtain final embedding
information corresponding to the first token, the final embedding information corresponding to the first token and the
embedding information corresponding to the first token having a same dimension. The embedding information corre-
sponding to the first token in the sample text embedding information is replaced with the final embedding information
corresponding to the first token to generate the sample conditional embedding information.

[0093] Operation 520 corresponds to operation 210 in the foregoing embodiment, and their processing procedures and
functional effects are similar. Therefore, details are not described herein again.

[0094] Operation 530: Generate a cross-attention map corresponding to the sample portrait picture through the picture
processing model according to the sample portrait picture, the sample conditional embedding information, and a sample
facial mask map, the sample facial mask map being configured for distinguishing a facial region in the sample portrait
picture from other regions in the sample portrait picture than the facial region, and the cross-attention map being
configured for generating expression content corresponding to the facial expression feature in the facial region.
[0095] Operation 530 corresponds to operation 220 in the foregoing embodiment, and their processing procedures and
functional effects are similar. Therefore, details are not described herein again.

[0096] In a possible implementation, an implementation of operation 530 may be as follows: compressing the sample
portrait picture through the picture processing model to obtain a sample latent space picture, the sample latent space
picture being a picture having a dimension lower than a dimension of the sample portrait picture and retaining the facial
feature; and generating the cross-attention map corresponding to the sample portrait picture through the picture
processing model according to the sample latent space picture, the sample conditional embedding information, and
the sample facial mask map.

[0097] Similarly, the dimension herein refers to the number of features of a picture, that is, the number of features of the
sample latent space picture is less than the number of features of the sample portrait picture, thereby removing redundant
information and reducing noise interference. Thus, the picture is more compact and easier to process in the latent space,
thereby facilitating subsequent processing.

[0098] A mannerfor generating the cross-attention map corresponding to the sample portrait picture through the picture
processing model according to the sample portrait picture, the sample conditional embedding information, and the sample
facial mask map may be as follows: performing a cross-attention operation (or, computation) based on the sample portrait
picture and the sample conditional embedding information to obtain an initial cross-attention map corresponding to the
sample portrait picture. The initial cross-attention map corresponding to the sample portrait picture refers to a cross-
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attention map in which other regions than the facial region are not masked. In this application, the cross-attention map
corresponding to the sample portrait picture refers to a cross-attention map in which the other regions than the facial region
are masked. Therefore, the other regions than the facial region in the initial cross-attention map corresponding to the
sample portrait picture may continue to be masked based on the sample facial mask map to obtain the cross-attention map
corresponding to the sample portrait picture.

[0099] A mannerforobtaining the initial cross-attention map corresponding to the sample portrait picture is not limited in
the embodiments of this application. In a possible implementation, a cross-attention operation may be directly performed
on the sample portrait picture and the sample conditional embedding information to obtain the initial cross-attention map
corresponding to the sample portrait picture. In another possible implementation, to reduce storage and calculation
overheads in the process of processing the sample portrait picture, the sample portrait picture may be first compressed to
obtain the sample latent space picture, and then a cross-attention operation is performed on the sample latent space
picture and the sample conditional embedding information to obtain the initial cross-attention map corresponding to the
sample portrait picture. That is, when the cross-attention map corresponding to the sample portrait picture is generated
through the picture processing model according to the sample latent space picture, the sample conditional embedding
information, and the sample facial mask map, a cross-attention operation may be first performed on the sample latent
space picture and the sample conditional embedding information to obtain the initial cross-attention map corresponding to
the sample portrait picture, and then the other regions than the facial region in the initial cross-attention map corresponding
to the sample portrait picture are masked based on the sample facial mask map to obtain the cross-attention map
corresponding to the sample portrait picture. A calculation formula of the cross-attention operation may refer to
descriptions in operation 220, and details are not described herein again.

[0100] In some embodiments, the first neural network includes a cross-attention layer. Therefore, a manner for
generating the cross-attention map corresponding to the sample portrait picture through the picture processing model
according to the sample latent space picture, the sample conditional embedding information, and the sample facial mask
map may be as follows: generating the initial cross-attention map corresponding to the sample portrait picture through the
first neural network included in the picture processing model according to the sample latent space picture and the sample
conditional embedding information, thatis, performing a cross-attention operation on the sample latent space picture and
the sample conditional embedding information through the cross-attention layer in the first neural network to obtain the
initial cross-attention map corresponding to the sample portrait picture; and masking other regions than the facial region in
the initial cross-attention map based on the sample facial mask map to obtain the cross-attention map corresponding to the
sample portrait picture.

[0101] Operation 540: Obtain, through the picture processing model based on the sample conditional embedding
information and the cross-attention map, a processed sample portrait picture corresponding to the sample portrait picture.
[0102] When the implementation of operation 530 differs, operation 540 may also have a different implementation. Ifin
operation 530, the cross-attention map is directly obtained in the space of the sample portrait picture, an implementation of
operation 5400 may be as follows: editing the sample portrait picture based on the sample conditional embedding
information and the cross-attention map corresponding to the sample portrait picture to obtain the processed sample
portrait picture corresponding to the sample portrait picture.

[0103] Ifin operation 530, the cross-attention map is obtained in the latent space, that is, when operation 530 involves
generating the cross-attention map corresponding to the sample portrait picture through the picture processing model
according to the sample latent space picture, the sample conditional embedding information, and the sample facial mask
map, an implementation of operation 540 may be as follows: editing the sample latent space picture through the picture
processing model based on the sample conditional embedding information and the cross-attention map to generate the
processed sample portrait picture corresponding to the sample portrait picture.

[0104] Insomeembodiments,amannerforediting the sample latent space picture through the picture processing model
based on the sample conditional embedding information and the cross-attention map to generate the processed sample
portrait picture corresponding to the sample portrait picture may be as follows: adding a noise to the sample latent space
picture for T times through the first neural network included in the picture processing model according to the conditional
embedding information and the cross-attention map to obtain a sample noise picture, T being a positive integer; performing
noise prediction and denoising operation on the sample noise picture for T times through the first neural network to obtain a
sample denoised picture; and restoring the sample denoised picture to the dimension corresponding to the sample portrait
picture to generate the processed sample portrait picture.

[0105] A manner for performing noise prediction and denoising operation on the sample noise picture for T times is not
limited in the embodiments of this application, as long as the number of noise predictions is the same as the number of
denoising operations. In some embodiments, performing noise prediction and denoising operation on the sample noise
picture for T times may refer to performing one noise prediction to obtain a corresponding predicted noise, and then
performing one denoising operation using the predicted noise. This process is repeated until a Tt noise prediction is
completed to obtain a corresponding predicted noise, and then a Tth denoising operation is performed using the predicted
noise obtained by the Tth noise prediction, to obtain a final sample denoised picture.
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[0106] Insome otherembodiments, performing noise prediction and denoising operation on the sample noise picture for
T times may refer to performing noise prediction for a plurality of times (forexample, twice, 3times, ..., and T times) to obtain
corresponding predicted noises, and then performing denoising operations for the same number of times as the noise
predictions using the obtained predicted noises. This process is repeated until T noise predictions and T denoising
operations are completed, to obtain a final sample denoised picture.

[0107] Based on this, in some embodiments, animplementation of performing noise prediction and denoising operation
on the sample noise picture for T times through the first neural network to obtain the sample denoised picture may be as
follows: predicting a noise added to the sample latent space picture through the first neural network for an nth time
according to the sample conditional embedding information and the cross-attention map to obtain an nth predicted noise,
an initial value of n being 1, and n being a positive integer less than or equal to T; removing the nt predicted noise from a
sample noisy picture to obtain an updated sample noisy picture, an initialized sample noisy picture being the sample noise
picture; determining, in response to that n is less than T, a value of n plus 1 as updated n, and repeating execution of the
method from the operation of predicting the noise added to the sample latent space picture through the first neural network
for the nth time according to the sample conditional embedding information and the cross-attention map to obtain the nth
predicted noise; and determining, in response to that n is equal to T, the updated sample noisy picture as the sample
denoised picture.

[0108] Insomeembodiments, anoiselossis determined based on the noise added to the sample latent space picture for
the nth time and the nth predicted noise, where the noise loss indicates a difference between the added noise and the
predicted noise. The parameter of the first neural network is adjusted based on the noise loss.

[0109] Forexample, after the noise added to the sample latent space picture for a tth time and the tth predicted noise are

obtained, the noise loss Loise is calculated by calculating a distance between the noise added to the sample latent
space picture for the tth time and the tth prediction noise. A noise loss function may be defined as:

2
Lnoise = E, e C,e~N(0,1),t [”E —€eg(z, t, Ol 2];

Zt~N(\/a_tZt—1' 1- at),

where ¢ is an VAE, Z is the latent space picture, C is conditional embedding information, ¢, is a denoiser used by
predicted noise ¢, ¢ is a random sample extracted from the standard normal distribution, z; is a sample noisy picture
obtained after this denoising, z;is a sample noisy picture obtained after (t- 1)t denoising, t represents a current time
step, and «; is a predefined coefficient sequence, configured for controlling a variance change in a model training
process. The parameters of the first neural network are adjusted according to the noise loss. A closed form of the
probability distribution p(z,|z,) may be deduced through the foregoing formula:

. 7 ¥ — [Tt
zy = J@zg + (1 — @pe, @ =[liz; a5, e~ N(0,1),
where «, represents an accumulated coefficient.

[0110] Inthe foregoing manner, the parameter of the first neural network is adjusted according to the noise loss so that
the first neural network may more accurately predict the noise.

[0111] Operation 550: Adjust a parameter of the picture processing model based on the sample portrait picture and the
processed sample portrait picture to obtain a trained picture processing model.

[0112] Insome embodiments, a total loss is determined based on the sample portrait picture and the processed sample
portrait picture. The total loss includes a noise loss, an identity loss, and a facial position loss. The noise loss indicates a
difference between an added noise and a predicted noise, the identity loss indicates a difference between a feature
representation of the sample portrait picture and a feature representation of the processed sample portrait picture in the
facial region, and the facial position loss indicates a control ability of the cross-attention map in the facial region. The
parameter of the picture processing model is adjusted according to the total loss to obtain the trained picture processing
model.

[0113] Insomeembodiments, the parameter of the picture processing model may be adjusted according to the total loss
through gradient descent, random search, grid search, etc. This is not limited in this application.

[0114] In some embodiments, when the parameter of the picture processing model is adjusted, only parameters of the
first neural network and the MLP in the picture processing model may be adjusted, and other parameters are not adjusted.
Which of the parameters are adjusted is selected by a person skilled in the art according to requirements. This is not limited
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in this application.

[0115] The total loss of the picture processing model is jointly determined by the noise loss, the identity loss, and the
facial position loss.

[0116] Forexample, assuming that the picture processing model completes one training in this case, and a processed
sample portrait picture corresponding to the sample portrait picture is obtained, a total loss is calculated by estimating a
difference between the sample portrait picture and the corresponding processed sample portrait picture. The total loss is
defined as:

Liotar = Lioe T Lnoise T Lias

where Ltotal is a total loss of the current training of the picture processing model, Lzoc represents the facial position

loss, ['noise represents the noise loss, and Lid represents the identity loss.

[0117] In some embodiments, after completing training with a batch of training samples, the picture processing model
adjusts the parameter of the MLP according to the total loss. A batch of training samples may include one training sample or
a plurality of training samples.

[0118] For example, when the batch of training samples includes a plurality of training samples, description text in the
training samples is the same text, and sample portrait pictures in the training samples have differences in clarity, noise
quantity, and the like.

[0119] In the foregoing manner, comprehensively considering losses in three aspects helps adjust the picture proces-
sing model to suitable parameters in the training process, so that the picture processing model has higher accuracy and
generalization capabilities.

[0120] In some embodiments, the noise loss is determined based on the noise added and the predicted noise in the
process of editing the sample latent space picture. The identity loss is determined based on the sample portrait picture and
the processed sample portrait picture. The facial position loss is determined based on the sample facial mask map and the
cross-attention map. The total loss is determined according to the noise loss, the identity loss, and the facial position loss.
[0121] In the foregoing process of editing the sample latent space picture, the noise loss is calculated.

[0122] The cross-attention map is configured for controlling the picture processing model to respond only to a picture
area corresponding to the cross-attention map when editing the sample portrait picture, and the facial position loss
indicates the accuracy of a position indicated by the cross-attention map in the sample portrait picture.

[0123] Since a cross-attention map corresponding to a first token and a cross-attention map corresponding to another
token are limited to respond in the same region, a sum of attention weights of the cross-attention map corresponding to the
first token and the cross-attention map corresponding to the another token is 1. That is, the cross-attention map
corresponding to the first token and the cross-attention map corresponding to the another token may contend during
response to editing. Therefore, other constraints need to be introduced to control the weights of the cross-attention map
corresponding to the first token and the cross-attention map corresponding to the another token to maintain within a
particular threshold.

[0124] Forexample, itis assumed thatthe number of cross-attention layers in the first neural network is N, the number of
tokens corresponding to the conditional embedding information is n, and the facial position loss is calculated through an
absolute error loss, which is defined as:

N
1 | .
Lioe = 3 ) (411 = M) + retu(g — A})M),
=1

N
1 j '
+NZ u(A] (1 = M) + relu(y — A))M),
=1

' i J
where A; is a cross-attention map of an th token in a cross-attention layer/, Al € [0;1] ,andiis a positive integer. Al is

across-attention map of a jth in the cross-attention layer /, A{ € [0,1],andjis a positive integer. Mrefers to a facial mask

map. B and y represent control strengths of the cross-attention map over the first token and an expression token,
separately. 4 and x are positioning loss rates of identity and expression markers, respectively, which are 0.001 and 0.01,
respectively. relu(*) represents thatif a value of aformula * is less than 0, a value of relu(*) is 0, and if the value of the formula
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* is greater than 0, the value of relu(*) is equal to the value of the formula *.

[0125] In the foregoing manner, the facial position loss is calculated, so that during the personalized editing of the
picture, it is beneficial for the picture processing model to more accurately generate personalized content on the sample
portrait picture.

[0126] Insome embodiments, the facial feature in the sample portrait picture is extracted through the facial recognition
model to obtain a first facial feature. The facial feature in the processed sample portrait picture is extracted through the
facial recognition model to obtain a second facial feature. The identity loss is determined based on a similarity between the
first facial feature and the second facial feature.

[0127] There are multiple manners for calculating the similarity between the first facial feature and the second facial
feature, including but not limited to the following manners: a cosine similarity, a mean squared error (MSE), a structural
similarity index (SSIM), a PSNR, and a feature vector similarity.

[0128] Forexample, the picture processing model generates a corresponding processed sample portrait picture )‘(Oface
according to a sample portrait picture fand the sample description text. A similarity between the sample portrait picture f
and the processed sample portrait picture %, is calculated using a cosine similarity. The identity loss function may be
defined as:

Lig =1—cossim (go(f); <P(9?oface))a

where cos sim(a, b) is a cosine similarity calculation formula to calculate a cosine similarity between a and b. ¢ represents
the facial recognition model, and ¢(*) represents features extracted from * through ¢.

[0129] In summary, according to the technical solutions provided in the embodiments of this application, at least one
high-quality training sample is acquired. The sample conditional embedding information is generated based on the sample
portrait picture and the sample description text in the training sample. Then, the cross-attention map corresponding to the
sample portrait picture is generated through the picture processing model according to the sample portrait picture, the
sample conditional embedding information, and the sample facial mask map. The processed sample portrait picture is
obtained through editing according to the sample conditional embedding information and the cross-attention map. The
parameter of the picture processing model is adjusted based on the sample portrait picture and the processed sample
portrait picture to obtain the trained picture processing model. Therefore, the picture processing model exhibits improved
robustness and generalization capabilities, enabling more diversified personalized editing while better retaining in the
generated processed sample portrait pictures the facial feature in the sample portrait picture.

[0130] A specific scene in which a method for training a picture processing model is adopted is described below.
[0131] FIG. 6 is a flowchart of a training process of a picture processing model according to an embodiment of this
application.

[0132] The picture processing model includes a Tface facial recognition model, a CLIP text editor, a VAE, a two-layer
MLP, and a U-Netmodel. InFIG. 6, four modules are included: a subject text embedding enhancement part, a latent space
part, an emotional perception cross-attention control part, and an identity preservation part.

[0133] The subject text embedding enhancement part performs the following operations through the Tface facial
recognition model, the CLIP text editor, and the two-layer MLP:

(1) extracting facial features in a sample portrait picture through the Tface facial recognition model;

(2) extracting text embedding information of sample description text through the CLIP text editor; determining
embedding information corresponding to a first token from the text embedding information, and concatenating the
embedding information corresponding to the first token with the facial features to obtain updated embedding
information; and

(3) restoring the updated embedding information to a dimension of sample embedding information through the two-
layer MLP, and replacing the updated embedding information with the text embedding information to obtain sample

conditional embedding information.

[0134] The emotional perception cross-attention control part performs the following operations through the U-Net
model:

(1) generating a cross-attention map corresponding to the sample portrait picture through the U-Net model according
to a sample latent space picture, the sample conditional embedding information, and a sample facial mask map; and

(2) calculating a facial position loss according to the sample facial mask map and the cross-attention map.
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[0135] The latent space part performs the following operations through the VAE and the U-Net model:
(1) compressing the sample portrait picture into the sample latent space picture through the VAE;
(2) adding a noise to the sample latent space picture through the U-Net model to obtain a sample noise picture;

(3) predicting and removing a noise from the sample noise picture through the U-Net model to obtain a sample
denoised picture;

(4) calculating a noise loss according to the sample noise picture and the sample denoised picture, and adjusting
parameters of the U-Net model according to the noise loss; and

(5) restoring the sample denoised picture to a dimension corresponding to the sample portrait picture through the VAE
to obtain a processed sample portrait picture.

[0136] The identity preservation part performs the following operations through the Tface facial recognition model:

(1) separating facial features of the sample portrait picture and facial features of the corresponding processed sample
portrait picture through the Tface facial recognition model, and calculating an identity loss through a cosine similarity;
and

(2) calculating a total loss according to the noise loss, the facial position loss, and the identity loss, and adjusting
parameters of the two-layer MLP according to the total loss.

[0137] An embodiment in which an experiment is conducted using the method of this application is described below.
(1) Data set

[0138] An experimental training data set is constructed using a CelebV-T data set. The CelebV-T data set includes
70,000 videos and provides additional text description. The first frame and the last frame of each video in the CelebV-T data
set are extracted as sample portrait pictures, and sample description text corresponding to each sample portrait picture is
generated using a Recognize Anything model. The obtained training data set is a data set in which the sample portrait
picture and the description text are paired one by one. A frame is randomly selected from a middle part of each video in the
CelebV-T data set, and a facial region of the frame is clipped and used as a reference facial picture. Then, corresponding
facial mask maps for all sample portrait pictures are generated using a pre-trained face parsing model.

(2) Experimental details

[0139] Facial features in the sample portrait picture are extracted using the Tface facial recognition model. In a training
process, only the U-Net model and the two-layer MLP are trained, and the CLIP text editor is not trained. The picture
processing model is iteratively trained on 6 NVIDIA V100 (6V100 is approximately 3A100) (graphics processing unit)
GPUs 150,000 times, the learning rate is set to 10-5, and the batch size is set to 2. Text adjustment training is performed
using 10% of training samples, to maintain a pure text generation capability of the picture processing model. To facilitate
classifier-free guidance sampling, under no constraint of other conditions, 10% of samples are adopted for training. In the
training process, half of the samples are adopted to train the facial region of the sample portrait picture, to improve the
generation quality of the personalized content of the facial region. Truncated cross-attention control relates to 7 emotional
words, such as happy, angry, and sad. The truncated cross-attention control herein refers to introducing a truncation
parameter to control the response strength of an emotional token in the facial region.

(3) Evaluation indicators

[0140] Following a method used in FastComposer, the generation quality of a processed sample portrait picture is
evaluated based on facial feature reservation and contrast language-image pretraining text-image (CLIP-TI) consistency.
Facial feature reservation is determined by enabling the MTCNN to detect faces in the reference facial picture and the
processed sample portrait picture, and then a pairwise identity similarity is calculated using FaceNet. A similarity between
a personalized portrait picture and the sample description text is evaluated using an average CLIP-L/14 image-text
similarity. In terms of efficiency evaluation, the efficiency of the picture processing model is evaluated using a total time of
fine-tuning and inference. During evaluation, different numbers of GPUs are further considered. In a default case, all
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methods are run on a standard hyperparameter set, using a Euler sampling method with 50 steps and a classifier-free
guidance scale of 5 for all methods.

(4) Generation experiment of processed picture

[0141] Performance of the picture processing model and other existing methods is evaluated using a single-subject
evaluation method used in FastComposer. Existing methods involved in comparison include: DreamBooth, Textual-
Inversion, Custom Diffusion, and SubjectDiffusion. Since Face0 provides no open-source code, only its publicly available
hardware resources are used for comparison. Stable Diffusion is set to a pure text baseline method. A training set for
testing includes 15 person subjects and 30 pieces of text. The sample description text for testing covers multiple scenes,
such as changing a picture style, changing picture decoration, and changing a person’s action. Five sample portrait
pictures per person subject are adopted to fine-tune optimization-based methods. For a one-shot-based method, asample
portrait picture corresponding to each person subject is randomly selected for testing. Table 1 shows results of
comparisons between the method of this application (referred to as "PortraitBooth" below) and benchmark methods
for single-subjectimage generation. PortraitBooth significantly outperforms other benchmark methods in preserving facial
features. FIG. 7 is a comparison diagram of generated processed sample portrait pictures according to an embodiment of
this application. FastComposer corresponds to the benchmark method 1, and Subject-Diffusion corresponds to the
benchmark method 2. PortraitBooth is weaker than FastComposer in terms of sample description text consistency. The
shortcoming may be due to the fact that PortraitBooth is more inclined to preferentially consider fidelity of facial features,
and therefore, some attention on complex tokens may be given up.

Table 1 Comparison between PortraitBooth and other benchmark methods for single-subject image generation

Method Type Reference Identity CLIP-TI  Testtime { Training
facial picture !  preservation T T overhead
Stable Diffusion Zero Shot 0 0.039 0.268 ~1s -
Face0 One Shot 1 - - ~1s 64 TPU
Textual-Inversion Finetune 5 0.293 0.219 ~ 2,500 s 1V100
DreamBooth Finetune 5 0.273 0.239 ~ 1,084 s 1 V100
Custom Diffusion Finetune 5 0.434 0.233 ~789s 1V100
FastComposer (¢ =0.6) One Shot 1 0.514 0.243 ~1s 8 A6000
FastComposer (¢ =1)  One Shot 1 0.632 0.205 ~1s 8 A6000
Subject-Diffusion One Shot 1 0.605 0.228 ~1s 24 A100
PortraitBooth One Shot 1 0.649 0.236 ~1s 3 A100

5. Emotion editing

[0142] Interms of emotion editing, only FastComposer is used as a benchmark method. FIG. 8 is a comparison diagram
of emotion editing according to an embodiment of this application. FastComposer corresponds to the benchmark method
1. It can be learned that PortraitBooth has diversity in terms of emotion editing.

(6) Ablation experiment

1) Influence of subject text embedding enhancement part on picture processing model

[0143] To investigate the influence of facial features obtained from a pre-trained facial recognition model and image
encoder, an ablation experiment is conducted. The subject text embedding enhancement part is removed from the picture
processing model, and the facial features are trained and extracted using a CLIP picture encoder to enhance text
embedding information. As shown in Table 2 (a), the experimental results clearly show that utilizing a facial feature
extractor trained on a large-scale data set is significantly more effective than training the image encoder.

2) Influence of identity preservation part on picture processing model

[0144] Table 2 (b) shows a result of an ablation experiment on the identity preservation part. The identity preservation

part is removed from the picture processing model and trained under the same settings. The result indicates that the
identity preservation part is beneficial to the fidelity of the facial features.
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3) Influence of emotional perception cross-attention control part on picture processing model

[0145] To enable the picture processing model to focus on a semantically related facial region in a cross-attention
module, control is performed using the cross-attention map. As shown in Table 2 (c), according to a result of an ablation
experiment of the emotional perception cross-attention control part, using the cross-attention map greatly improves
identity preservation and CLIP-TI consistency and enables the picture processing model to focus on a particular region, so
that effects of conditional embedding information integrated by the facial features and text embedding information on the
processed sample portrait pictures are consistent and harmonious.

Table 2 Results of different ablation experiments

Ablation experiment type Identity CLIP-TI
preservation T consistency T
PortraitBooth 0.649 0.236
(a) Ablation experiment of subject text embedding enhancement part 0.563 0.244
(b) Ablation experiment of identity preservation part 0.638 0.239
(c) Ablation experiment of emotional perception cross-attention control part 0.532 0.255

4) Influence of hyperparameter t on picture processing model

[0146] FIG.9is aline chart showing the influence of a time step on identity preservation according to an embodiment of
this application. It can be known according to FIG. 9 that as the time step (t) for adjusting the identity loss increases, a
fidelity capability of the picture processing model for the facial features increases, but an editing capability decreases.
Therefore, when t is 250, the fidelity capability and the editing capability of the picture processing model for the facial
features are well balanced.

5) Truncation hyperparameters g and y

[0147] Accordingtoanalysison Table 2 (c), itis obtained that notrestricting local regions leads to better editing capability,
but worse identity preservation. To reduce the influence on identity preservation as much as possible, only the relationship
between identity preservation and editing capability when only involving the truncation hyperparameter £ is studied. FIG.
10 is a bar chart showing the influence of a truncation hyperparameter on identity preservation and editing capability
according to an embodiment of this application. When the truncation hyperparameter § is within a range of [0.8,1], a
change of the truncation hyperparameter has no significant influence on identity preservation, but has some influence on
the editing capability. However, when the truncation hyperparameter £ is less than 0.8, identity preservation suddenly
increases because the conditional embedding information significantly affects only the facial region. Table 3 shows
experimental results of a facial mask map and a human body mask map, to confirm the conclusion that the conditional
embedding information significantly affects only the facial region. Therefore, the truncation hyperparameter £ is selected
to be setto 0.8. Similarly, experiments are also conducted for the truncation hyperparameter y at 0.1 and 0.2. As shown in
Table 4, the truncation hyperparameter g and the truncation hyperparameter y have little difference in their influences on
identity preservation, but exhibit significant differences in the editing capability. The facial editing response not only
includes an expression, but also includes features such as facial hair and accessories. Therefore, the truncation
hyperparameter y is set to 0.1.

Table 3 Influence of different mask maps

Mask map type Identity preservation T CLIP-TI consistency T
Facial mask map 0.649 0.236
Human body mask map 0.623 0.229

Table 4 Influence of different combinations of truncation hyperparameters £ and y

Combination of truncation hyperparameters f§ and y Identity preservation T CLIP-TI consistency T
£=08y=0.1 0.649 0.236
p=08y=02 0.642 0.223
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[0148] Table 5 shows performance comparison between PortraitBooth and other benchmark methods. 1 indicates that
the method performs well in the corresponding aspect, and 0 indicates that the method performs poorly in the
corresponding aspect. PortraitBooth is the only method that simultaneously addresses high efficiency, robust identity
preservation, and diverse expression editing.

Table 5 Performance comparison between PortraitBooth and other benchmark methods

Method Single Test time Robust identity Expression
picture No fine- preservation editing
tuning
Textual Inversion (Gal et al. 2022) 0 0 0 1
Dreambooth (Ruiz et al. 2023a) 0 0 0 1
Custom Diffusion (Kumari et al. 2023) 0 0 0 1
Break-A-Scene (Avrahami et al. 2023a) 1 0 1 0
HyperDreamBooth (Ruiz et al. 2023b) 1 0 1 1
FastComposer (Xiao et al. 2023) 1 1 0 0
FaceO (Valevski et al. 2023) 1 1 1 0
Subject-Diffusion (Ma et al. 2023) 1 1 1 0
PortraitBooth 1 1 1 1

[0149] FIG. 11is a schematic diagram of test results of a picture processing model according to an embodiment of this
application. The picture processing model is obtained by training based on PortraitBooth.

[0150] The following describes apparatus embodiments of this application. The apparatus embodiments may be
configured for performing the method embodiments of this application. Details not disclosed in the apparatus embodi-
ments of this application may refer to the method embodiments of this application.

[0151] FIG. 12is ablock diagram of a picture processing apparatus according to an embodiment of this application. The
apparatus has a function of implementing the foregoing method examples, and the function may be implemented by
hardware or may be implemented by hardware executing corresponding software. The apparatus may be the model use
device 10 described above, or may be provided in the model use device 10. As shown in FIG. 12, an apparatus 1200 may
include an embedding module 1210, an attention module 1230, and an editing module 1240.

[0152] The embedding module 1210 is configured to generate conditional embedding information based on an original
portrait picture and description text, the conditional embedding information including a feature of the original portrait
picture and a feature of the description text; the original portrait picture being a picture containing a facial feature, and the
description text being text configured for describing a facial expression feature.

[0153] The attention module 1230 is configured to generate a cross-attention map corresponding to the original portrait
picture according to the original portrait picture, the conditional embedding information, and a facial mask map, the facial
mask map being configured for distinguishing a facial region in the original portrait picture from other regions in the original
portrait picture than the facial region, and the cross-attention map being configured for generating expression content
corresponding to the facial expression features in the facial region.

[0154] The editing module 1240 is configured to obtain, based on the conditional embedding information and the cross-
attention map, a processed portrait picture corresponding to the original portrait picture, the processed portrait picture
retaining the facial feature in the original portrait picture and containing the facial expression feature described by the
description text.

[0155] In some embodiments, the apparatus 1200 may further include a compression module 1220, as shown in the
dashed box in FIG. 12. The compression module 1220 is configured to compress the original portrait picture to obtain a
latent space picture, the latent space picture being a picture having a dimension lower than a dimension of the original
portrait picture and retaining the facial feature. The attention module 1230 is configured to generate the cross-attention
map corresponding to the original portrait picture according to the latent space picture, the conditional embedding
information, and the facial mask map. In some embodiments, the editing module 1240 includes a noise adding sub-
module, a denoising sub-module, and a restoration sub-module (not shown in FIG. 12).

[0156] The noise adding sub-module is configured to add a noise to the latent space picture for T times through a first
neural network to obtain a noise picture, T being a positive integer.

[0157] The denoising sub-module is configured to perform noise prediction and denoising operation on the noise picture
for T times through the first neural network according to the conditional embedding information and the cross-attention
map to obtain a denoised picture.

[0158] The restoration sub-module is configured to restore the denoised picture to the dimension corresponding to the
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original portrait picture to generate the processed portrait picture.

[0159] In some embodiments, the denoising sub-module is configured to predict a noise added to the latent space
picture through the first neural network for an nth time according to the conditional embedding information and the cross-
attention map to obtain an nth predicted noise, an initial value of n being 1, and n being a positive integer less than orequal to
T, remove the nth predicted noise from a noisy picture to obtain an updated noisy picture, an initialized noisy picture being
the noise picture; determine, inresponse to thatnis less than T, a value of n plus 1 as updated n, and repeat execution from
the operation of predicting the noise added to the latent space picture through the first neural network for the nth time
according to the conditional embedding information and the cross-attention map to obtain nth predicted noise; and
determine, when n is equal to T, the updated noisy picture as the denoised picture.

[0160] In some embodiments, the embedding module 1210 includes an extraction sub-module, an encoding sub-
module, and a generation sub-module (not shown in FIG. 12).

[0161] The extraction sub-module is configured to extract the facial feature in the original portrait picture through a facial
recognition model.

[0162] The encoding sub-module is configured to encode the description text through a text model to obtain text
embedding information.

[0163] The generation sub-module is configured to generate the conditional embedding information based on the facial
feature and the text embedding information.

[0164] In some embodiments, the description text includes at least one token, and the text embedding information
includes embedding information respectively corresponding to the at least one token. The generation sub-module is
configured to concatenate embedding information corresponding to a first token in the at least one token with the facial
feature to obtain updated embedding information corresponding to the first token, the first token referring to a preset token
configured for representing a person; process the updated embedding information corresponding to the first token using
an MLP to obtain final embedding information corresponding to the first token, the final embedding information
corresponding to the first token and the embedding information corresponding to the first token having a same dimension;
and replace the embedding information corresponding to the first token in the text embedding information with the final
embedding information corresponding to the first token to generate the conditional embedding information.

[0165] Insome embodiments, the extraction sub-module is configured to crop the facial region from the original portrait
picture to obtain a facial picture corresponding to the original portrait picture; and extract the facial feature from the facial
picture through the facial recognition model.

[0166] In some embodiments, the attention module 1230 is configured to generate an initial cross-attention map
corresponding to the original portrait picture through the first neural network according to the latent space picture and the
conditional embedding information; and mask other regions in the initial cross-attention map than the facial region in the
initial cross-attention map based on the facial mask map to obtain the cross-attention map corresponding to the original
portrait picture.

[0167] Insummary,inthe technical solutions provided inthe embodiments of this application, the conditional embedding
information is generated based on the original portrait picture and the description text. The original portrait picture is a
picture including the facial feature, and the description text is text configured for describing the facial expression feature, so
that the facial feature in the original portrait picture and the facial expression feature of the description text are fused in the
conditional embedding information. Then, the cross-attention map corresponding to the original portrait picture is
generated according to the conditional embedding information, the original portrait picture, and the facial mask map.
The facial mask map is configured for distinguishing the facial region in the original portrait picture from other regions in the
original portrait picture than the facial region, and the cross-attention map is configured for generating the expression
content corresponding to the facial expression feature in the facial region. In this way, the processed portrait picture may be
obtained through editing according to the conditional embedding information and the cross-attention map. Since the facial
feature in the original portrait picture and the facial expression feature of the description text are fused in the conditional
embedding information, when the cross-attention map instructs to generate the expression content corresponding to the
facial expression feature in the facial region, the facial feature in the original portrait picture and the facial expression
feature of the description text may be fused to edit the facial expression, thereby ensuring a high similarity between a
person in the generated processed portrait picture and a person in the original portrait picture, and significantly improving
the person fidelity in an editing process.

[0168] FIG. 13is ablock diagram of an apparatus for training a picture processing model according to an embodiment of
this application. The apparatus has a function of implementing the foregoing method examples, and the function may be
implemented by hardware or may be implemented by hardware executing corresponding software. As shown in FIG. 13,
an apparatus 1300 may include a sample acquisition module 1310, a sample embedding module 1320, a sample attention
module 1340, a sample editing module 1350, and a model parameter adjustment module 1360.

[0169] The sample acquisition module 1310 is configured to acquire at least one training sample, each training sample
including a sample portrait picture and sample description text that correspond to each other; the sample portrait picture
being a picture containing a facial feature, and the sample description text being text configured for describing a facial
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expression feature in the sample portrait picture.

[0170] The sample embedding module 1320 is configured to generate sample conditional embedding information
through the picture processing model based on the sample portrait picture and the sample description text, the sample
conditional embedding information including a feature of the sample portrait picture and a feature of the sample description
text.

[0171] The sample attention module 1340 is configured to generate a cross-attention map corresponding to the sample
portrait picture through the picture processing model according to the sample portrait picture, the sample conditional
embedding information, and a sample facial mask map, the sample facial mask map being configured for distinguishing a
facial region in the sample portrait picture from other regions in the sample portrait picture than the facial region, and the
cross-attention map being configured for generating expression content corresponding to the facial expression feature in
the facial region.

[0172] The sample editing module 1350 is configured to obtain, through the picture processing model based on the
sample conditional embedding information and the cross-attention map, a processed sample portrait picture correspond-
ing to the sample portrait picture.

[0173] The model parameter adjustment module 1360 is configured to adjust a parameter of the picture processing
model based on the sample portrait picture and the processed sample portrait picture to obtain a trained picture processing
model.

[0174] Insomeembodiments, the apparatus 1300 furtherincludes a sample compression module 1330, as shownin the
dashed box in FIG. 13. The sample compression module 1330 is configured to compress the sample portrait picture
through the picture processing model to obtain a sample latent space picture, the sample latent space picture being a
picture having a dimension lower than a dimension of the sample portrait picture and retaining the facial features. The
sample attention module 1340 is configured to edit the sample latent space picture through the picture processing model
based on the sample conditional embedding information and the cross-attention map to generate the processed sample
portrait picture corresponding to the sample portrait picture.

[0175] Insome embodiments, the sample editing module 1350 includes a sample noise adding sub-module, a sample
denoising sub-module, and a sample restoration sub-module (not shown in FIG. 13).

[0176] The sample noise adding sub-module is configured to add a noise to the sample latent space picture for T times
through a first neural network included in the picture processing model to obtain a sample noise picture, T being a positive
integer.

[0177] The sample denoising sub-module is configured to perform noise prediction and denoising operation on the
sample noise picture for T times through the first neural network according to the conditional embedding information and
the cross-attention map to obtain a sample denoised picture.

[0178] The sample restoration sub-module is configured to restore the sample denoised picture to the dimension
corresponding to the sample portrait picture to generate the processed sample portrait picture.

[0179] In some embodiments, the sample denoising sub-module includes a prediction unit, a denoising unit, a
circulation unit, and a determining unit (not shown in FIG. 13).

[0180] The prediction unit is configured to predict a noise added to the sample latent space picture through the first
neural network for an nth time according to the sample conditional embedding information and the cross-attention map to
obtain an nth predicted noise, an initial value of n being 1, and n being a positive integer less than or equal to T.
[0181] The denoising unit is configured to remove the nth predicted noise from a sample noisy picture to obtain an
updated sample noisy picture, an initialized sample noisy picture being the sample noise picture.

[0182] Thecirculation unitis configured to determine, in response to that nis less than T, a value of n plus 1 as updated n,
and repeat execution from the operation of predicting the noise added to the sample latent space picture through the first
neural network for the nth time according to the sample conditional embedding information and the cross-attention map to
obtain the nth predicted noise.

[0183] The determining unit is configured to determine, in response to that n is equal to T, the updated sample noisy
picture as the sample denoised picture.

[0184] In some embodiments, the prediction unit is further configured to determine a noise loss based on the noise
added to the sample latent space picture for the nth time and the nt" predicted noise, the noise loss indicating a difference
between the added noise and the predicted noise; and adjust a parameter of the first neural network based on the noise
loss.

[0185] Insomeembodiments, the sample embedding module 1320 includes a sample extraction sub-module, a sample
encoding sub-module, and a sample generation sub-module (not shown in FIG. 13).

[0186] The sample extraction sub-module is configured to extract the facial feature in the sample portrait picture through
a facial recognition model.

[0187] The sample encoding sub-module is configured to encode the sample description text through a text model
included in the picture processing model to obtain sample text embedding information.

[0188] The sample generation sub-module is configured to generate the sample conditional embedding information
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based on the facial feature and the sample text embedding information.

[0189] In some embodiments, the sample description text includes at least one token, and the sample text embedding
information includes embedding information respectively corresponding to the atleast one token. The sample generation
sub-module is configured to concatenate embedding information corresponding to a first token in the at least one token
with the facial feature to obtain updated embedding information corresponding to the first token, the firsttoken referring to a
preset token configured for representing a person; process the updated embedding information corresponding to the first
token using an MLP to obtain final embedding information corresponding to the first token, the final embedding information
corresponding to the first token and the embedding information corresponding to the first token having a same dimension;
and replace the embedding information corresponding to the first token in the sample text embedding information with the
final embedding information corresponding to the first token to generate the sample conditional embedding information.
[0190] Insome embodiments, the sample extraction sub-module is configured to crop the facial region from the sample
portrait picture to obtain a facial picture corresponding to the sample portrait picture; and extract the facial feature from the
facial picture through the facial recognition model.

[0191] Insome embodiments, the sample compression module 1330 is configured to generate an initial cross-attention
map corresponding to the sample portrait picture through the first neural network included in the picture processing model
according to the sample latent space picture and the sample conditional embedding information; and mask otherregionsin
the initial cross-attention map than the facial region in the initial cross-attention map based on the sample facial mask map
to obtain the cross-attention map corresponding to the sample portrait picture.

[0192] In some embodiments, the model parameter adjustment module 1360 includes a loss sub-module and a
parameter adjustment sub-module (not shown in FIG. 13).

[0193] The loss sub-module is configured to determine a total loss based on the sample portrait picture and the
processed sample portrait picture, the total loss including a noise loss, an identity loss, and a facial position loss, the noise
loss indicating a difference between an added noise and a predicted noise, the identity loss indicating a difference between
afeature representation of the sample portrait picture and a feature representation of the processed sample portrait picture
in the facial region, and the facial position loss indicating a control ability of the cross-attention map in the facial region.
[0194] The parameter adjustment sub-module is configured to adjust the parameter of the picture processing model
according to the total loss to obtain the trained picture processing model.

[0195] Insome embodiments, the loss sub-module includes a noise loss unit, an identity loss unit, a facial position loss
unit, and a total loss unit (not shown in FIG. 13).

[0196] The noise loss unitis configured to determine the noise loss based on the noise added and the predicted noise in
the process of editing the sample latent space picture.

[0197] The identity loss unit is configured to determine the identity loss based on the sample portrait picture and the
processed sample portrait picture.

[0198] The facial position loss unit is configured to determine the facial position loss based on the sample facial mask
map and the cross-attention map.

[0199] The total loss unit is configured to determine the total loss according to the noise loss, the identity loss, and the
facial position loss.

[0200] Insomeembodiments, the identity loss unitis configured to extract the facial feature of the sample portrait picture
through the facial recognition model to obtain a first facial feature; extract a facial feature of the processed sample portrait
picture through the facial recognition model to obtain a second facial feature; and determine the identity loss based on a
similarity between the first facial feature and the second facial feature.

[0201] In summary, according to the technical solutions provided in the embodiments of this application, at least one
high-quality training sample is acquired. The sample conditional embedding information is generated based on the sample
portrait picture and the sample description text in the training sample. Then, the cross-attention map corresponding to the
sample portrait picture is generated through the picture processing model according to the sample portrait picture, the
sample conditional embedding information, and the sample facial mask map. The processed sample portrait picture is
obtained through editing according to the sample conditional embedding information and the cross-attention map. The
parameter of the picture processing model is adjusted based on the sample portrait picture and the processed sample
portrait picture to obtain the trained picture processing model. Therefore, the picture processing model exhibits improved
robustness and generalization capabilities, enabling more diversified personalized editing while better retaining in the
generated processed sample portrait pictures the facial features in the sample portrait picture.

[0202] When the apparatus provided in the foregoing embodiments implements functions of the apparatus, the division
of the foregoing functional modules is merely an example for description. In actual application, the foregoing functions may
be allocated to and completed by different functional modules according to the requirements, that s, the internal structure
of the device is divided into different functional modules to complete all or some of the functions described above. In
addition, the apparatus provided in the foregoing embodiment belongs to the same idea as the method embodiment.
Details of a specific implementation process may refer to the method embodiment, and details are not described herein
again.
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[0203] FIG. 14 is a structural block diagram of a computer device 1400 according to an embodiment of this application.
The computer device 1400 may be a computer device 10 in the implementation environment shown in FIG. 1, and is
configured to perform the picture processing method or the method for training a picture processing model provided in the
foregoing embodiments. Specifically:

[0204] Generally, the computer device 1400 includes a processor 1410 and a memory 1420.

[0205] The processor 1410 may include one or more processing cores, for example, a 4-core processor or an 8-core
processor. The processor 1410 may be implemented in at least one hardware form of a digital signal processing (DSP), a
field programmable gate array (FPGA), and a programmable logic array (PLA). The processor 1410 may furtherinclude a
main processor and a coprocessor. The main processor is a processor configured to process data in an awake state, and is
alternatively referred to as a central processing unit (CPU). The coprocessor is a low-power-consumption processor
configured to process data in a standby state. In some embodiments, the processor 1410 may be integrated with a GPU.
The GPU is configured to render and draw content that needs to be displayed on a display screen. In some embodiments,
the processor 1410 may further include an Al processor. The Al processor is configured to process computing operations
related to machine learning.

[0206] The memory 1420 may include one or more computer-readable storage media. The computer-readable storage
medium may be non-transient. The memory 1420 may further include a high-speed random access memory (RAM) and a
nonvolatile memory, for example, one or more disk storage devices or flash storage devices. In some embodiments, the
non-transitory computer-readable storage medium in the memory 1420 is configured to store a computer program. The
computer program is configured to be executed by one or more processors to implement the foregoing picture processing
method or the foregoing method for training a picture processing model.

[0207] A personskilledinthe art may understand that the structure shown in FIG. 14 does not constitute any limitation on
the computer device 1400, and the computer device 1400 may include more components or fewer components than those
shown in the figure, or some components may be combined, or a different component deployment may be used.
[0208] In an exemplary embodiment, a computer-readable storage medium is further provided, having a computer
program stored therein. The computer program, when executed by a processor, implements the foregoing picture
processing method or the foregoing method for training a picture processing model. In some embodiments, the
computer-readable storage medium may include: a read-only memory (ROM), a RAM, a solid state drive (SSD), an
optical disc, or the like. The RAM may include a resistance random access memory (ReRAM) and a dynamic random
access memory (DRAM).

[0209] In an exemplary embodiment, a computer program product is further provided, including a computer program,
the computer program being stored in a computer-readable storage medium. A processor of a computer device reads the
computer program from the computer-readable storage medium and executes the computer program to cause the
computer device to perform the foregoing picture processing method or the foregoing method for training a picture
processing model.

[0210] During application of the collection and processing of relevant data (such as pictures) in this application, informed
consent orindependent consent of the subject of personal information shall be obtained strictly according to requirements
of laws and regulations of related nations, and subsequent data use and processing behaviors are performed within the
laws and regulations and the authorization scope of the subject of personal information.

[0211] "A plurality of" mentioned herein refers to two or more. "And/or" describes an association relationship of
associated objects and represents that three relationships may exist. For example, A and/or B may represent the
following three cases: only A exists, both A and B exist, and only B exists. The character "/" generally represents an "or"
relationship between the associated objects. In addition, the operation numbers described in this specification merely
exemplarily show a possible execution sequence of the operations. In some other embodiments, the operations may not
be performed according to the number sequence. For example, two operations with different numbers may be performed
simultaneously, or two operations with different numbers may be performed according to a sequence contrary to the
sequence shown in the figure. This is not limited in the embodiments of this application.

[0212] The foregoing descriptions are merely exemplary embodiments of this application, but are not intended to limit
this application. Any modification, equivalent replacement, or improvement made within the spirit and principle of this
application shall fall within the protection scope of this application.

Claims
1. A picture processing method, performed by a computer device, and comprising:
generating conditional embedding information based on an original portrait picture and description text, the

conditional embedding information comprising a feature of the original portrait picture and a feature of the
description text; the original portrait picture being a picture containing a facial feature, and the description text
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being text configured for describing a facial expression feature;

generating a cross-attention map corresponding to the original portrait picture according to the original portrait
picture, the conditional embedding information, and a facial mask map, the facial mask map being configured for
distinguishing a facial region in the original portrait picture from other regions in the original portrait picture than the
facial region, and the cross-attention map being configured for generating expression content corresponding to
the facial expression feature in the facial region; and

obtaining, based on the conditional embedding information and the cross-attention map, a processed portrait
picture corresponding to the original portrait picture, the processed portrait picture retaining the facial feature in
the original portrait picture and containing the facial expression feature described by the description text.

2. The method according to claim 1, wherein the generating a cross-attention map corresponding to the original portrait
picture according to the original portrait picture, the conditional embedding information, and a facial mask map
comprises:

compressing the original portrait picture to obtain a latent space picture, the latent space picture being a picture
having a dimension lower than a dimension of the original portrait picture and retaining the facial feature; and
generating the cross-attention map corresponding to the original portrait picture according to the latent space
picture, the conditional embedding information, and the facial mask map; and

the obtaining, based on the conditional embedding information and the cross-attention map, a processed portrait
picture corresponding to the original portrait picture comprises:

editing the latent space picture based on the conditional embedding information and the cross-attention map, to
generate the processed portrait picture.

3. The method according to claim 2, wherein the editing the latent space picture based on the conditional embedding
information and the cross-attention map to generate the processed portrait picture comprises:

adding a noise to the latent space picture for T times through a first neural network to obtain a noise picture, T
being a positive integer;

performing noise prediction and denoising operation on the noise picture for T times through the first neural
network according to the conditional embedding information and the cross-attention map to obtain a denoised
picture; and

restoring the denoised picture to the dimension corresponding to the original portrait picture to generate the
processed portrait picture.

4. The method according to claim 3, wherein the performing noise prediction and denoising operation on the noise
picture for T times through the first neural network according to the conditional embedding information and the cross-
attention map to obtain a denoised picture comprises:

predicting a noise added to the latent space picture through the first neural network for an nth time according to the
conditional embedding information and the cross-attention map to obtain an nth predicted noise, an initial value of
n being 1, and n being a positive integer less than or equal to T;

removing the nth predicted noise from a noisy picture to obtain an updated noisy picture, an initialized noisy picture
being the noise picture;

determining, in response to that nis less than T, a value of n plus 1 as updated n, and repeating execution of the
method from the operation of predicting the noise added to the latent space picture through the first neural network
for the nth time according to the conditional embedding information and the cross-attention map to obtain nth
predicted noise; and

determining, in response to that n is equal to T, the updated noisy picture as the denoised picture.

5. Themethodaccording to any one of claims 1o 4, wherein the generating conditional embedding information based on
an original portrait picture and description text comprises:

extracting the facial feature in the original portrait picture through a facial recognition model;

encoding the description text through a text model to obtain text embedding information; and

generating the conditional embedding information based on the facial feature and the text embedding informa-
tion.

6. The method according to claim 5, wherein the description text comprises at least one token, and the text embedding
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information comprises embedding information respectively corresponding to the at least one token; and
the generating the conditional embedding information based on the facial features and the text embedding information
comprises:

concatenating embedding information corresponding to afirst token in the atleast one token with the facial feature
to obtain updated embedding information corresponding to the first token, the first token referring to a preset token
configured for representing a person;

processing the updated embedding information corresponding to the first token by using a multi-layer perceptron,
MLP, to obtain final embedding information corresponding to the first token, the final embedding information
corresponding to the first token and the embedding information corresponding to the first token having a same
dimension; and

replacing the embedding information corresponding to the first token in the text embedding information with the
final embedding information corresponding to the first token to generate the conditional embedding information.

7. Themethod according to claim 5, wherein the extracting the facial feature in the original portrait picture through a facial
recognition model comprises:

cropping the facial region from the original portrait picture to obtain a facial picture corresponding to the original
portrait picture; and
extracting the facial feature from the facial picture through the facial recognition model.

8. The method according to any one of claims 2 to 7, wherein the generating the cross-attention map corresponding to
the original portrait picture according to the latent space picture, the conditional embedding information, and the facial
mask map comprises:

generating an initial cross-attention map corresponding to the original portrait picture through the first neural
network according to the latent space picture and the conditional embedding information; and

masking other regions in the initial cross-attention map than the facial region in the initial cross-attention map
based on the facial mask map to obtain the cross-attention map corresponding to the original portrait picture.

9. A method for training a picture processing model, performed by a computer device, and comprising:

acquiring at least one training sample, each training sample comprising a sample portrait picture and sample
description text that correspond to each other; the sample portrait picture being a picture containing a facial
feature, and the sample description text being text configured for describing a facial expression feature in the
sample portrait picture;

generating sample conditional embedding information through the picture processing model based on the
sample portrait picture and the sample description text, the sample conditional embedding information compris-
ing a feature of the sample portrait picture and a feature of the sample description text;

generating a cross-attention map corresponding to the sample portrait picture through the picture processing
model according to the sample portrait picture, the sample conditional embedding information, and a sample
facial mask map, the sample facial mask map being configured for distinguishing a facial region in the sample
portrait picture from other regions in the sample portrait picture than the facial region, and the cross-attention map
being configured for generating expression content corresponding to the facial expression feature in the facial
region;

obtaining, through the picture processing model based on the sample conditional embedding information and the
cross-attention map, a processed sample portrait picture corresponding to the sample portrait picture; and
adjusting a parameter of the picture processing model based on the sample portrait picture and the processed
sample portrait picture to obtain a trained picture processing model.

10. The method according to claim 9, wherein the generating a cross-attention map corresponding to the sample portrait
picture through the picture processing model according to the sample portrait picture, the sample conditional
embedding information, and a sample facial mask map comprises:

compressing the sample portrait picture through the picture processing model to obtain a sample latent space
picture, the sample latent space picture being a picture having a dimension lower than a dimension of the sample
portrait picture and retaining the facial feature; and

generating the cross-attention map corresponding to the sample portrait picture through the picture processing
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model according to the sample latent space picture, the sample conditional embedding information, and the
sample facial mask map; and

the obtaining, through the picture processing model based on the sample conditional embedding information and
the cross-attention map, a processed sample portrait picture corresponding to the sample portrait picture
comprises:

editing the sample latent space picture through the picture processing model based on the sample conditional
embedding information and the cross-attention map, to generate the processed sample portrait picture corre-
sponding to the sample portrait picture.

The method according to claim 10, wherein the editing the sample latent space picture through the picture processing
model based on the sample conditional embedding information and the cross-attention map to generate the
processed sample portrait picture corresponding to the sample portrait picture comprises:

adding a noise to the sample latent space picture for T times through afirst neural network comprised in the picture
processing model to obtain a sample noise picture, T being a positive integer;

performing noise prediction and denoising operation on the sample noise picture for T times through the first
neural network according to the conditional embedding information and the cross-attention map to obtain a
sample denoised picture; and

restoring the sample denoised picture to the dimension corresponding to the sample portrait picture to generate
the processed sample portrait picture.

The method according to claim 11, wherein the performing noise prediction and denoising operation on the sample
noise picture for T times through the first neural network according to the conditional embedding information and the
cross-attention map to obtain a sample denoised picture comprises:

predicting a noise added to the sample latent space picture through the first neural network for an nth time
according to the sample conditional embedding information and the cross-attention map to obtain an nth predicted
noise, an initial value of n being 1, and n being a positive integer less than or equal to T;

removing the nth predicted noise from a sample noisy picture to obtain an updated sample noisy picture, an
initialized sample noisy picture being the sample noise picture;

determining, in response to that nis less than T, a value of n plus 1 as updated n, and repeating execution of the
method from the operation of predicting the noise added to the sample latent space picture through the first neural
network for the nth time according to the sample conditional embedding information and the cross-attention map
to obtain the nth predicted noise; and

determining, in response to that n is equal to T, the updated sample noisy picture as the sample denoised picture.

The method according to any one of claims 9 to 12, wherein the generating sample conditional embedding information
through the picture processing model based on the sample portrait picture and the sample description text comprises:

extracting the facial feature in the sample portrait picture through a facial recognition model;

encoding the sample description text through a text model comprised in the picture processing model to obtain
sample text embedding information; and

generating the sample conditional embedding information based on the facial feature and the sample text
embedding information.

The method according to claim 13, wherein the sample description text comprises at least one token, and the sample
text embedding information comprises embedding information respectively corresponding to the at least one token;
and

the generating the sample conditional embedding information based on the facial feature and the sample text
embedding information comprises:

concatenating embedding information corresponding to afirst token in the atleast one token with the facial feature
to obtain updated embedding information corresponding to the first token, the first token referring to a preset token
configured for representing a person;

processing the updated embedding information corresponding to the first token by using a multi-layer perceptron,
MLP, to obtain final embedding information corresponding to the first token, the final embedding information
corresponding to the first token and the embedding information corresponding to the first token having a same
dimension; and
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replacing the embedding information corresponding to the first token in the sample text embedding information
with the final embedding information corresponding to the first token to generate the sample conditional
embedding information.

15. The method according to any one of claims 10 to 14, wherein the generating the cross-attention map corresponding to
the sample portrait picture through the picture processing model according to the sample latent space picture, the
sample conditional embedding information, and the sample facial mask map comprises:

generating an initial cross-attention map corresponding to the sample portrait picture through the first neural
network comprised in the picture processing model according to the sample latent space picture and the sample
conditional embedding information; and

masking other regions in the initial cross-attention map than the facial region in the initial cross-attention map
based on the sample facial mask map to obtain the cross-attention map corresponding to the sample portrait
picture.

16. The method according to any one of claims 9 to 15, wherein the adjusting a parameter of the picture processing model
based on the sample portrait picture and the processed sample portrait picture to obtain a trained picture processing
model comprises:

determining a total loss based on the sample portrait picture and the processed sample portrait picture, the total
loss comprising a noise loss, an identity loss, and a facial position loss, the noise loss indicating a difference
between an added noise and a predicted noise, the identity loss indicating a difference between a feature
representation of the sample portrait picture and a feature representation of the processed sample portrait picture
in the facial region, and the facial position loss indicating a control ability of the cross-attention map in the facial
region; and

adjusting the parameter of the picture processing model according to the total loss to obtain the trained picture
processing model.

17. The method according to claim 16, wherein the determining a total loss based on the sample portrait picture and the
processed sample portrait picture comprises:

determining the noise loss based on the noise added and the predicted noise in the process of editing the sample
latent space picture;

determining the identity loss based on the sample portrait picture and the processed sample portrait picture;
determining the facial position loss based on the sample facial mask map and the cross-attention map; and
determining the total loss according to the noise loss, the identity loss, and the facial position loss.

18. The method according to claim 17, wherein the determining the identity loss based on the sample portrait picture and
the processed sample portrait picture comprises:

extracting the facial feature of the sample portrait picture through the facial recognition model to obtain a first facial
feature;

extracting a facial feature of the processed sample portrait picture through the facial recognition model to obtain a
second facial feature; and

determining the identity loss based on a similarity between the first facial feature and the second facial feature.

19. A picture processing apparatus, deployed on a computer device, and comprising:

an embedding module, configured to generate conditional embedding information based on an original portrait
picture and description text, the conditional embedding information comprising a feature of the original portrait
picture and a feature of the description text; the original portrait picture being a picture containing a facial feature,
and the description text being text configured for describing a facial expression feature;

an attention module, configured to generate a cross-attention map corresponding to the original portrait picture
according to the original portrait picture, the conditional embedding information, and a facial mask map, the facial
mask map being configured for distinguishing a facial region in the original portrait picture from other regions in the
original portrait picture than the facial region, and the cross-attention map being configured for generating
expression content corresponding to the facial expression feature in the facial region; and

an editing module, configured to obtain, based on the conditional embedding information and the cross-attention
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map, a processed portrait picture corresponding to the original portrait picture, the processed portrait picture
retaining the facial feature in the original portrait picture and containing the facial expression feature described by
the description text.

20. An apparatus for training a picture processing model, deployed on a computer device, and comprising:

a sample acquisition module, configured to acquire atleast one training sample, each training sample comprising
a sample portrait picture and sample description text that correspond to each other; the sample portrait picture
being a picture containing a facial feature, and the sample description text being text configured for describing a
facial expression feature in the sample portrait picture;

a sample embedding module, configured to generate sample conditional embedding information through the
picture processing model based on the sample portrait picture and the sample description text, the sample
conditional embedding information comprising a feature of the sample portrait picture and a feature of the sample
description text;

a sample attention module, configured to generate a cross-attention map corresponding to the sample portrait
picture through the picture processing model according to the sample portrait picture, the sample conditional
embedding information, and a sample facial mask map, the sample facial mask map being configured for
distinguishing afacial region in the sample portrait picture from other regions in the sample portrait picture than the
facial region, and the cross-attention map being configured for generating expression content corresponding to
the facial expression feature in the facial region;

a sample editing module, configured to obtain, through the picture processing model based on the sample
conditional embedding information and the cross-attention map, a processed sample portrait picture correspond-
ing to the sample portrait picture; and

a model parameter adjustment module, configured to adjust a parameter of the picture processing model based
on the sample portrait picture and the processed sample portrait picture to obtain a trained picture processing
model.

21. A computer device, comprising a processor and a memory, the memory having a computer program stored therein,
and the processor executing the computer program to implement the method according to any one of claims 1to 8 or
the method according to any one of claims 9 to 18.

22. A computer-readable storage medium, having a computer program stored therein, the computer program being
configured to be executed by a processor to implement the method according to any one of claims 1 to 8 or the method

according to any one of claims 9 to 18.

23. Acomputer program product, comprising a computer program, the computer program, when executed by a processor,
implementing the method according to any one of claims 1 to 8 or the method according to any one of claims 9 to 18.
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Generate conditional embedding information based on an original
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